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ABSTRACT  
 
Steel-deck composite floor systems are a popular choice in high-rise buildings as they are economical 
and easy to construct. These composite floor systems use high strength materials to achieve longer 
spans, but are slender and vulnerable to vibration under human induced loads. These floors are 
normally designed using static methods which will not capture the true dynamic response resulting in 
inappropriate designs, undesirable vibration and discomfort to occupants. At present there is no 
adequate design guidance to address the vibration in these composite floors, due to a lack of research 
information on their dynamic characteristics, resulting in wasteful post event retrofits.   
 
To address this situation, a comprehensive research project was undertaken to establish the dynamic 
characteristics of multi panel floors under human-induced loads, using finite element techniques, 
supported by limited experimental testing. Comprehensive load models with variable parameters such 
as load intensity, foot contact ratio, frequency and damping are developed and applied as pattern loads 
to capture the maximum panel response in terms of deflections and accelerations. Results indicate the 
occurrence of multimodal vibration in these structures and the importance of applying pattern loads to 
capture these modes. It is evident that the vibration caused by the first, second and even the third 
harmonics of the frequency of the human activity could (cause resonance and) result in discomfort and 
excessive deflections in the floor panels. The dynamic responses are compared with the serviceability 
deflection limits and human comfort levels of accelerations to assess the suitability of the floor panel 
for the intended use. These assessments identify possible occupancies under different loading 
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conditions and can be used in planning, design and evaluation. Increasing the damping in the structural 
system and restricting the human densities performing different dance-type activities are found to be 
mitigating factors.  
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INTRODUCTION  
Steel-deck composite floor slabs are being increasingly used in high-rise buildings, especially in 
Australia, as they are economical and easy to construct. They find applications in office, commercial, 
residential and parking floors. There are a number of different configurations of these floor slabs, but 
they are all slender as they use high strength materials to achieve longer spans and hence have reduced 
sections. These composite floor slabs are normally designed using static methods which will not reveal 
the true behaviour under human-induced dynamic loads resulting in vibration problems. Their one-way 
spaning behaviour makes them even more vulnerable to vibration problems, in contrast to the 
conventional two-way spaning reinforced concrete floor slabs. Figure 1 shows a popular steel-deck 
composite floor system (dovetailed profile) used in Melbourne, Australia for a commercial and 
residential building. This and similar floor slabs in other parts of Australia have experienced vibration 
problems under human induced loads. The design consultants who were involved in these projects 
wished to address this matter through a research project. This paper present some of the findings of this 
research project and will focus on a particular (dovetailed profile) type of steel-deck composite floor 
slab, though the findings may be applicable to other types (with different deck profiles), with proper 
consideration of their geometry, induced loads, etc.  
 
Some work on the behaviour of steel deck composite floors has been  published by Williams and 
Waldron [1],  Allen [2],  Da Silva et al. [3] and El-Dardiry et al. [4]. These researchers used finite 
element (FE) methods to study the structural behaviour of composite floors subjected to human-
induced activities. Guidelines based on some of these research findings are provided in publications by 
the American Institute of Steel Construction (AISC) [5], Steel Construction Institute (SCI) [6] and 
International Standard Organisation (ISO 2631-1, 1997) [7], which present acceleration limits for 
human perceptibility for various occupancies under different human-induced dynamic loads. These 
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guidelines, unfortunately, are approximate as they are based on simplified structural models which 
cannot simulate the multi-modal vibration in multi-panel steel deck composite floors under pattern 
loading. 
 
Dynamic loads on a floor system can be due to different human activities such as, dancing (including 
aerobics and jumping), walking, running etc. These activities apply dynamic loads at different 
frequencies on the floor resulting in vibration, increased displacements and accelerations which can 
cause discomfort to the occupants. This was studied by Ji and Ellis [8],  Da Silva et al. [3], but mostly 
pertained to the response of a floor where the activity originated – ie the activity panel. The response of 
adjacent panels in a multi-panel floor system configuration has not been explored. This is important in 
modern building floor systems as they are have multiple-occupancy floor set-outs in combinations of 
office/commercial floors and leisure activity halls, such as aerobics halls and gymnasiums etc., in 
which dance type activities can take place.  
Pattern loading occurs in multiple panel floor systems when different panels are loaded. In modern 
buildings that have mixed occupancies, office areas, commercial areas and residential areas may be 
combined with exercise halls, dance halls and even aerobics classes, which contribute to exert different 
human-induced loads on the same floor structure. These multi-panel floor systems must therefore be 
investigated under possible pattern loads applied at different frequencies and the floor response and the 
comfort levels of the occupants must be evaluated in both the activity panel as well as the adjacent 
floor panels. With this in mind, this paper treats the dynamic characteristics of a multi-panel steel-deck 
floor system subjected to human induced pattern loading using finite element techniques. 
Comprehensive load models for dance-type activities are developed and applied as four different 
pattern loads. These load models have variable parameters such as load intensity, foot contact ratio, 
activity frequency and damping. This research information is used to evaluate the response of the 
composite floors under different types of human-induced pattern loads and to assess their compliance 
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against the current requirements of serviceability and comfort and hence the suitability of the floor to 
the different types of occupancies. 
STRUCTURAL MODEL AND FINITE ELEMENT MODEL  
 
 
The Structural model 
 
The structural model of the 4 panel flooring system used in the present investigation is shown in Figure 
2. It is a 2 x 2 panel model of floor area 16 m x 15.6 m, having columns C1 in a grid of 8 m x 7.8 m. 
The primary beams B1 are 530 UB 82 universal beams along the edge parallel to the spanning direction 
and the secondary beams B2 are 360 UB 45 universal beams simply supported across the primary 
beams. The columns C1 have the same size as the primary beams B1. The one way slab comprised of 
150 mm thick concrete laid on 1 mm dovetail profiled steel-deck which is an in-situ formwork (Figure 
1).  
 
The Finite element model 
 
Finite Element (FE) model of the same 4 panel floor was developed using ABAQUS/Standard version 
6.4 [9], for the analytical investigation. The concrete slab was modelled using solid elements, 6 DOF – 
hexagonal solid 3S6 and the steel-deck modelled using shell elements 5 DOF – quadrilateral shell 
S4R5, as shown in Figure 3. The primary and secondary steel beams and the steel columns were all 
modelled using beam elements 3 DOF – linear beam 3B2.  
 
The spline Finite Strip method or its variations used by Azhari et al (2000) [10] and the improved 
method used by Vrcelj and Bradford (2008) [11] may be applicable to the structural system treated 
herein. The present structure has 2 materials - steel and concrete. In order to capture all the vibration 
modes (symmetrical and asymmetrical) and the response of the panels both along the span directions 
and transverse to it, under all possible pattern loads, the Finite Element method is appropriate. 
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The material properties were obtained from tests carried out in the Structures Laboratory at the  
Queensland University of Technology, according to Australian Standards AS3600 [12]. The material 
properties used in the finite element model were:  Young’s moduli of 205 GPa and 32 GPa, Poisson’s 
ratio of 0.3 and 0.2 and material density of 8000 kg/m3 and 2428 kg/m3 for steel and concrete 
respectively. A floor-column model was used in this investigation as it reduces the additional stiffness 
provided by either pinned or fixed supports and thus eliminates the false observations as also done by 
El-Dardiry et al  [13]. Necessary boundary conditions were provided to prevent rigid body movements 
in the floor plane.  
 
The finite element model of the steel-deck composite floor was validated by comparing the numerical 
results of a single panel floor panel with those from experimental testing. Figure 4 shows the static load 
deflection plots obtained from the experiments and from the finite element analysis. The fundamental 
frequencies of the panel obtained through experimental testing and finite element analysis were 14.2Hz 
and 14.1 Hz respectively. In general, results from static, free vibration and dynamic analyses compared 
well with experimental results and provided confidence in the computer model which was then used in 
further analysis [14].   
 
 
HUMAN-INDUCED LOADS  
 
 
Human induced loads can be of different types such as due to walking, running, jumping and dancing. 
As dance-type activities generate higher dynamic forces than those due to walking or running, it was 
decided to consider the response of the composite floor panels under these type of loads. Four different 
dance-type loads defined by their foot contact ratios and at two different load densities are used in this 
paper. These loads are applied to the FE models of the composite floor in order to obtain their 
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displacement and acceleration responses. These responses were recorded against four levels of 
structural damping that can be present in typical floor systems.   
 
The human activity described by dance-type loads produces discontinuous load time functions, which 
are similar to running or aerobics [8]. The load time history of these type of loads can be modelled as a 
function with two parts: (i) a force function to capture the load applied when both feet are in-contact 
with the structure for a time phase, which is called contact duration, followed by (ii) a zero force when 
both feet are off the floor. The first phase can be described by a half-sinusoidal curve. Equation (1) 
presents the mathematical model for this dance-type activity. To represent an entire event of dace-type 
load activity a sequence of these half-sinusoidal pluses can be used [8].  
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In the above equation Q is the human load density  (weight per unit area),  tp is the contact duration and 
Tp is the duration of the human activity and α = tp/Tp is the contact ratio. The ratio α of the dance (or 
jumping) activity plays a major role in defining the mathematical formulation of dance-type loads (as 
seen in the above equation) and hence its effect on the floor response. It provides information on how 
energetic the human activity is. In order to evaluate the effects of various contact ratios, four different 
values were used in the current analysis i.e. α =  0.25, 0.33, 0.50 and 0.67. These contact ratios 
describe the dance-type activities of high impact jumping, normal jumping, rhythmic exercise or high-
impact aerobics and low impact aerobics respectively [8, 14].  This study considered two live load 
intensities: Q = 0.2 kPa and Q = 0.4 kPa corresponding to 1 person per 3.5 m2 and 1.75 m2 floor space 
respectively., assuming average weight of person to be 70 kg. The dead load on the floor slab (G) was 
assumed to be 3.5 kPa. These un-factored loads were used to determine the static deflections of the 
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panels under each pattern loading and then used in the dynamic analyses to determine the Dynamic 
Amplifications in deflections and the accelerations. 
 
Damping 
 
Damping in a floor system is a very important parameter in vibration problems, especially in mitigating 
its excessive vibration response. Although damping in a floor system can be measured using the simple 
heel impact test a precise value for the damping for steel-deck composite floor systems is mostly 
unknown due to various limitations [15]. There are a number of damping levels reported in the 
literature.  In general, damping for bare composite floors is reported to be between 1.5% - 1.8% [15], 
while Wyatt  in the SCI publication [6] used a damping of 1.5% for a composite steel deck floor. 
However, it is noted that these damping levels would be rare as the objects that cause external forces 
and other standing objects will provide additional damping that would not have been included in this 
value. For example, use of partitions on the finished floor system could yield higher damping. Hewitt  
al. [16] and Murray [17] used damping of 3% for a office without permanent partitions and  2 – 2.5% 
for electronic or paperless offices. Even higher damping could also arise in a floor with permanent, 
drywall partitions and this  could be as much as 5% - 6% [15].  Elnimeiri and Iyengar [18] 
recommended a damping coefficient of 4.5% - 6% for finished floors with partitions while Brownjohn 
[19] showed that the damping could increase to 10% depending on occupant posture. This also would 
happen in an environment with an old office floor with cabinets, bookcases and desks. On the other 
hand, Sachse [20] proved that the presence of stationary humans will increase the damping of the 
structure which could be up to 12%. Thus, to observe the responses across a range of possible values of 
structural damping, this investigation used four damping levels of 1.6%, 3%, 6% and 12%. These 
damping levels depend on the floor’s intended use as described-above and were incorporated into the 
FE models using the explicit damping matrix presented by in Clough and Penzien [21].   
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Pattern Loads 
The response of the 4 panel steel-deck composite floor was obtained under four different pattern 
loading cases which are referred to as pattern loadings PL1, PL2, PL3 and PL4.  These four pattern 
loads cover all possible loading combinations of single and double panels. Two panel loadings in PL2, 
PL3 and PL4 are applied in the spanning, transverse and diagonal directions respectively. The single 
panel excited can be any one of the four panels as the configuration is symmetrical. In the present case 
PL1 corresponds to dance-type loads applied to panel 1. PL2, PL3 and PL4 correspond to loads applied 
to panels 1 and 3, panels 1 and 2 and panels 1 and 4 respectively (Figure 2). These pattern loads 
correspond to most of the vibration modes shown in Figure 5.  PL1 seems to be unique, but could 
excite mode 1, while PL2 will most likely excite mode 1. PL3 and PL4 can excite modes 4 and 2 
respectively. The loaded panels are called “activity panels” and the other panels are called “non-
activity panels”. The non-activity panels are assumed to be used for various occupancy fit-outs other 
than dance type activities and will be assessed accordingly.  
 
DYNAMIC ANALYSIS 
 
A comprehensive dynamic analysis of the structure under the loads described above was carried out. 
For each pattern load, additional parameters of (i) live load density (2 values), (ii) structural damping (4 
values), contact ratio (4 values) and human load frequency (ranging from 1.5 Hz to 3.5Hz) were 
considered to obtain the response of the composite floor panels under the full range of operating 
conditions and hence enable reasonable assessment of their performance. The pattern loads were 
applied to the FE model of the composite floor slab, one at a time. Steady state dynamic responses at 
the mid locations of each panel, which gave the maximum values of deflection and acceleration were 
obtained for each of these patterns loadings, across the full, range of the other parameters. When there 
were more than one activity or non-activity panels, the average values of the panel responses in 
deflection and acceleration were used. The Dynamic Amplification Factor (DAF) for deflection, which 
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is the ratio of maximum dynamic to static deflection was calculated for each case (ie for each pattern 
loading, damping value, contact ratio and range of load frequencies) and compared against allowable 
serviceability deflection limits. The serviceability deflection limit has been taken as 20 mm, which is 
less than span/250 (=32 mm) for this composite floor slab [12]. This was used to calculate the non-
dimensional serviceability deflection limits as 20/static deflection and compared with actual DAFs 
obtained from the dynamic analysis. The acceleration responses of the panels were similarly obtained 
for each particular case and were used to determine the suitable occupancies of the floor structure that 
complied with the human perceptibility criteria published in AISC [5] and given in Table 1. 
 
RESULTS  
Free vibration analysis of the structural model was carried out and indicated that the fundamental 
natural frequency was approximately 4.0 Hz.  Figure 5 shows the first four modes of vibration and the 
corresponding natural frequencies. The complex vibration modes of the multi-panel floor is evident 
from this Figure and the pattern loads treated herein could excite these modes.  
 
Due to the number of parameters in the analysis and their ranges, a vast amount of information was 
generated [14]. Only representative results are presented in this paper. To reduce the complexity of 
presenting results, two average serviceability deflection limits, one for the activity panels and the other 
for the non-activity panels were calculated and used.  
 
Deflection Response 
Results for the Dynamic Amplification Factors (DAFs) in deflection indicate that they depended on the 
pattern loading case and operating conditions such as damping, load density, contact ratio (event type) 
and the panel of interest and varied  from as high as 3.8 and to as low as 1.05.  The DAFs when plotted 
against the activity frequencies had either 2 or 3 peaks corresponding to activity frequencies of 2, 2.7 
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and 2.9 Hz. The second harmonics of these activity frequencies seem to have excited the 1st (4 Hz), 2nd 
(5.4 Hz) and 3rd (5.9 Hz) modes respectively of the structural system. Some of the DAFs  were within 
the serviceability deflection limits while the others exceeded these limits. More onerous activities 
described by lower contact ratios (α) under lower damping conditions gave DAFs which exceeded 
serviceability deflection limits. Typical variations of DAF with activity frequency under PL1, for both 
the activity and non-activity panels, are presented in Figure 6. For this particular case with contact 
ration 0.33 and occupant density Q = 0.2 kPa, the DAFs in both the activity and non-activity panels are 
within the deflection serviceability limits at all damping levels. Figure 7 shows similar results under PL 
1 for a lower contact ratio of 0.25. The DAFs for this case corresponding to more onerous human 
activity are higher than those in the previous case.  It is possible that this event could pose 
serviceability problems in the activity panel when the damping level in the floor system is less than 3%.  
DAFs in the non-activity panels do not pose any concern. Figure 8 shows the variation of DAFs under 
PL2 for a contact ratio of 0.33. In this case, there are 2 loaded or activity panels and the DAFs are 
higher that those in the previous 2 cases, as somewhat expected.  It can be seen, however, that the 
structure response is within the limits when damping level is 3.0% or higher in the activity panels and 
1.6% or higher in the non-activity panels. DAFs in deflections under PL3 were lower than those under 
PL2.  Both PL2 and PL3 have two loaded panels, but the locations of the second loaded panels are 
different. The response of the floor under PL3 was satisfactory even under the most onerous dance-type 
activities. For example, high impact jumping (which is the most onerous activity with α = 0.25, 
considered in this paper) when performed in PL3 configuration resulted in DAFs well within the 
serviceability deflection limits whereas the same activity under PL2 did not. Under PL3 the major 
peaks in DAFs were at or near the activity frequency of 2.9 Hz, in contrast to PL1 and PL2 which had 
the major peaks at the activity frequency of 2.0 Hz. The dance-type activities simulated under PL4 did 
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not have DAFs that exceed the serviceability deflection limits for most of the damping levels and 
human densities, few exceptions being under the higher human load density of Q = 0.4 kPa [14]. 
 
The most interesting feature observed under all the pattering loading cases were the sudden jumps or 
peaks in the DAFs, which occurred at certain activity frequencies, regardless of the type of the event. 
Figures 6 and 8 show three peaks at activity frequencies of 2, 2.7 and 2.9 Hz, while Figure 7 has only 
the peaks at 2 and 2.9 Hz.  Two peaks were more prominent, with one occurring at 2 Hz (for PL1 and 
PL2 in Figures 6, 7 and 8) and the other occurring near 2.9 Hz (for PL3) [14]. These peaks in responses 
may not only cause serviceability problems in DAFs but also serviceability problems in accelerations, 
which determine the human comfort levels, as will be seen later in the paper.  
 
Acceleration responses  
 
Acceleration response of the floor structure provides the means for assessing human perceptibility to 
vibration to ensure comfort and avoid annoyance. This assessment is used in establishing the possible 
occupancies of the floor panels under the different operating conditions. The maximum values of the 
accelerations at mid-span nodes are extracted from the time history responses and are plotted in 
diagrams with perceptibility scales for different operating conditions and occupancies. The x axes in 
these plots represent the frequency of the floor structure. 
 
PL1 under normal jumping activity described by contact ratio of 0.33 for a human density of 0.2 kPa 
gave the acceleration responses presented in the perceptibility graph in Figure 9. According to this 
Figure activity panels can be operated at 3.0% or higher damping and non-activity panels can be used 
for occupancy 2 with 6.0% or higher damping. When the high impact jumping event described by 
contact ratio of 0.25 was simulated under PL1, the perceptibility graph indicated that a damping level 
of 6% or more is required in order to comply with the acceleration limits of both the activity panel and 
 13
the non-activity panels. The acceleration responses under the other two events described by contact 
ratios of 0.50 and 0.67, pertaining to high impact aerobics and low impact aerobics respectively, were 
within the limits in the activity panel for all the damping levels. The non-activity panels could be used 
for occupancy 2 at 3.0% or higher damping for high impact jumping is the activity panel.  In the case of 
low impact aerobics, the non-activity panels can be used for occupancy 2 at all damping levels and for 
occupancy 3 at 6.0% or higher damping [14].  
 
Normal jumping activity (contact ratio = 0.33) for an occupant density of 0.2 kPa under PL2 gave the 
results shown in the perceptibility graph in Figure 10. This event required the activity panels to have 
damping levels of 6.0% or higher to avoid human discomfort, while the non-activity panels needed 
12.0% or higher damping for occupancy 2. The perceptibility scales for the rhythmic exercise / high 
impact aerobics (contact ratio = 0.50) under PL2 showed that the activity panels requires a damping 
level of 3% or higher. The non-activity panels were suitable for occupancy 2 at 6.0% or higher 
damping. When low impact aerobics was pursued under PL2 there would be no discomfort in the 
activity panels and the non-activity panels were suitable for occupancy 2 at 3.0% or higher damping 
levels.  
 
In the case of PL3 with a human density of 0.2 kPa, normal jumping activity (contact ratio = 0.33) can 
be performed even at 1.6% damping in the activity panels. The non-activity panels were suitable for 
occupancy 2 at 6.0% or higher damping as evident from Figure 11. When high impact aerobics event 
was simulated in the activity panels, it was did not indicate discomfort problems with 3.0% or higher 
damping. The non-activity panels then would be suitable for occupancy 2 with 6.0% or higher damping 
and for occupancy 3 with 12.0% or higher damping.  
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Figure 12 depicts the acceleration response observed for normal jumping activity (α = 0.33) under PL4. 
This pattern loading required a damping of 3.0% or higher in the activity panels. The non-activity 
panels can be used for occupancy 2 at 6.0% or higher damping, as well as occupancy 3 at 12.0% or 
higher damping. Analogous results were obtained for high impact aerobics activity (α = 0.50) under 
PL4. 
 
 
DISCUSSION  
 
The response of the structural floor system in terms of DAFs in deflections and accelerations depended 
on the pattern loading case and operating conditions such as damping, load density, contact ratio and 
the panel of interest. These results can be used to assess the floor panels for deflection serviceability 
and to select suitable occupancies in which the accelerations are within the limits of human 
perceptibility.  
 
Effect of pattern loading – excitation of higher modes of vibration 
 
Depending upon the pattern loading, the DAF and acceleration responses at different contact ratios and 
damping levels gave maximum responses at activity frequencies of 2.0 Hz, 2.7 Hz and 2.9 Hz. The 
Fourier Amplitude response spectrum for the acceleration of the structural system under PL1 at activity 
frequency of 2 Hz, damping level 1.6%  and contact ratio α = 0.25 is shown in Figure 13a. It can be 
seen that there are two distinct peaks at frequencies of 4.0 and 6.0 Hz. Figure 13b depicts a similar 
spectrum of the acceleration at activity frequency 2.9 Hz in which a single peak can be found near 5.9 
Hz.  Analogous results were obtained for PL2 at the activity frequencies of 2 and 2.9Hz. These peaks in 
the Fourier Amplitude Spectrums are due to the excitation of different modes by the harmonics of the 
particular human-induced pattern loading. In this particular case, PL1 (and PL2) cause the floor system 
to vibrate at it the first mode of 4 Hz by the second harmonic of the load frequency of 2 Hz, while the 
third mode of nearly 6.0 Hz was excited by the third harmonic of this load. Thus, the two peaks in 
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Figure 13a correspond to the excitation of first and third modes of the floor system (refer Fig. 5 for 
mode shapes) by the 2nd and 3rd harmonics of the forcing frequency of 2Hz. The single peak in Figure 
13b corresponds to the excitation of the third mode by the 2nd harmonic of the forcing frequency of 
2.9Hz. 
 
Similar Fourier Amplitude Spectrums for the acceleration under PL3 and PL4 had only a single 
dominant peak for each activity frequency. The second mode of the floor structure at 5.4 Hz was exited 
by the second harmonic of the human-induced activity frequency of 2.7 Hz under PL4 loading, which 
also excited the third mode at 5.9 Hz by the second harmonic of the activity frequency of 2.9.  Under 
PL3 the third mode near 6Hz was excited by both the third harmonic of the activity frequency of 2 Hz 
and also by the second harmonic of the activity frequency of 2.9 Hz [14]. This shows that the floor 
system responds not only at its first mode, but also at its second and third modes depending upon the 
pattern loading, with the higher mode frequencies excited by the second or third harmonic of the 
forcing frequency. These results confirm the excitation of multimodal vibration in the floor panels and 
highlight the deficiency of the current simplified procedures (for design and evaluation) which consider 
only the fundamental mode.  
 
 
Using the information on the dynamic characteristics of steel-deck composite floors generated in this 
research, these floor panels could be categorised for different occupancies depending on the damping, 
load intensity and type of activity in the loaded panel(s). 
 
Effect of contact ratio  
 
The contact ratios of the activity influenced the structure response, with higher values of response 
obtained at smaller contact ratios and vice versa. Figure 14 show the variation of DAFs in deflection 
with contact ratio for different values of damping. Lower contact time in dance-type loads not only 
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created discomfort to occupants performing the activity but also to the occupants in the adjacent panels. 
It was observed that contact ratios of the dace-type activity can be used as a means of categorising the 
occupancy of adjacent floor panels.  
 
Effect of damping  
 
Structural damping played an important role in mitigating dynamic responses as evident from Figures 6 
– 12. Damping levels influenced in assigning suitable occupancies for the floor panels as shown in 
Table 1. It was observed that the possibility of excitation of higher modes was lessened with increase in 
damping. The existence of higher modes of vibration were distinctly observable at low damping levels 
such as 1.6% and 3%, and not quite as distinct on floors with higher damping levels of 6% and 12%.  
 
CONCLUSION  
 
Dynamic characteristic of a multi-panel steel-deck composite floor system subjected to dance type 
human loads have been treated using Finite Element techniques. Loads were applied as four different 
pattern loads that could excite multi-modal vibration in the structural system. The influence of activity 
type (defined in terms of foot contact time), structural damping and load density on the deflection and 
acceleration response of the system was investigated. Results have been used to assess the suitability 
floor panels for different occupancies. The main findings of this study are summarised below: 
 
• It is important to consider the higher modes of vibration of steel-deck composite floors, in addition 
to the fundamental mode, as they could all be excited by the higher harmonics of the forcing 
dynamic activity resulting in multi modal and possibly coupled vibration. Current simplified 
methods of assessing floor vibration are primarily based on the fundamental natural frequency and 
may not be adequate under all operating conditions.  
• Load frequency alone does not cause vibration problems. Higher (2nd and 3rd) harmonics of the load 
frequency can excite the higher modes of vibration of the floor. 
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• Effects of pattern loading needs to be considered as they can be realistic and will account for a 
comprehensive vibration evaluation. 
• Vibration assessment in terms of deflections and accelerations need to be considered together. 
•  The dynamic amplification in deflection and the acceleration response of the floors are 
significantly influenced by the type of activity or foot contact ratio, with lower contact ratios giving 
higher responses.  
• With the availability of finite element techniques, vibration characteristics of these composite floors 
can and need to be evaluated comprehensively to avoid problems. 
• The dynamic response of composite floors can cause deflections and accelerations which exceed 
the allowable limits of serviceability and comfort.  These excessive vibrations can be managed by:    
(i)  Varying the location for the activity or changing the type of activity, if that is possible.   
      (ii)  Using appropriate structural damping, including external passive damping devices. 
      (iii)  Restricting human densities performing the activity.  
      (iv) Providing additional stiffness to the floor and/ or supporting beams, which will vary the  
floor response.  
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Table 1: Summary of occupancy fit-outs 
 
 
Dance-type activity in AP 
Human 
density in 
AP 
First mode Second mode Third mode 
AP NAP AP NAP AP NAP 
High impact jumping 
0.4 kPa Occupancy 0 Occupancy 0 Occupancy 1    
ζ > 12.0% 
Occupancy 2   
ζ > 12.0% 
Occupancy 1   
ζ > 12.0% 
Occupancy 2   
ζ > 12.0% 
0.2 kPa Occupancy 1  
ζ > 6.0% 
Occupancy 2   
ζ > 12.0% 
Occupancy 1    
ζ > 6.0% 
Occupancy 2   
ζ > 6.0% 
Occupancy 1   
ζ > 6.0% 
Occupancy 2   
ζ > 6.0% 
Normal jumping 
0.4 kPa Occupancy 1  
ζ > 12.0% 
Occupancy 2   
ζ > 12.0% 
Occupancy 1    
ζ > 6.0% 
Occupancy 2   
ζ > 6.0% 
Occupancy 1   
ζ > 12.0% 
Occupancy 2   
ζ > 12.0% 
0.2 kPa Occupancy 1  
ζ > 6.0% 
Occupancy 2   
ζ > 12.0% 
Occupancy 1    
ζ > 3.0% 
Occupancy 2   
ζ > 6.0% 
Occupancy 1   
ζ > 1.6% 
Occupancy 2   
ζ > 6.0% 
Rhythmic exercise / high 
impact aerobics 0.4 kPa 
Occupancy 1  
ζ > 3.0% 
Occupancy 2   
ζ > 6.0% 
Occupancy 1    
ζ > 3.0% 
Occupancy 2   
ζ > 3.0% Occupancy 1   
ζ > 3.0% 
Occupancy 2   
ζ > 6.0% 
Occupancy 3   
ζ > 12.0% 
Occupancy 3   
ζ > 12.0% 
Low impact jumping 0.4 kPa Occupancy 1  
ζ > 1.6% 
Occupancy 2   
ζ > 3.0% 
Occupancy 1    
ζ > 1.6% 
Occupancy 2   
ζ > 1.6% Occupancy 1   
ζ > 1.6% 
Occupancy 2   
ζ > 1.6% 
Occupancy 3   
ζ > 3.0% 
Occupancy 3   
ζ > 6.0% 
Occupancy 0 Uncomfortable       
Occupancy 1 Rhythmic activities / aerobics / dance- type loads  AP - Activity panel 
Occupancy 2 Shopping malls (centres) / weightlifting / Stores / manufacturing / warehouse / walkaways / stairs  NAP - Non-activity panel 
Occupancy 3 Office / residencies / hotels / multi - family apartments / school rooms / libraries   
Occupancy 4 Hospitals / laboratories / critical working areas (e.g. operating theatres, precision laboratories)   
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Fig. 1: Composite floor in construction for a high rise office and residential complex in Melbourne 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
 
 
 
 
 
 
                  Fig. 2: Configuration of the 2x2 Steel Deck Composite Floor Model 
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 (a) shell elements for steel deck                                              (b) Solid elements for concrete          
 
 
Figure 3. Finite Element Modelling of Steel Deck Composite Floor 
 
 
 
 
 
 
                                              Figure 4: Static Load – Deflection Plots 
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Fig.5: Natural frequencies and mode shapes 
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              Fig.6: DAFs due to normal jumping (contact ratio of 0.33) under PL1 for Q=0.2kPa  
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               Fig. 7: DAFs under high impact jumping (contact ratio 0.25) under PL1 for Q=0.2 kPa  
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                 Fig. 8: DAFs due to normal jumping (contact ratio of 0.33)  under PL2 for Q=0.2 kPa  
 
 
 
 
                    Fig. 9: Acceleration response due to normal jumping under PL1 for Q=0.2 kPa  
 
 
0.00
0.05
0.10
1 5 9 13
Frequency (Hz)
A
cc
el
er
at
io
n 
re
sp
on
se
 o
f t
he
  
no
n-
ac
tiv
ity
 p
an
el
s 
(g
)
ζ = 1.6%
ζ = 3.0%
ζ = 6.0%
ζ = 12.0%
Occupancy 1 
Occupancy 2 
Occupancy 3 
Occupancy 4 
0.00
0.05
0.10
1 5 9 13
A
cc
el
er
at
io
n 
re
sp
on
se
 o
f t
he
  -
ac
tiv
ity
pa
ne
ls 
(g
)
Frequency (Hz)
ζ = 1.6%
ζ = 3.0%
ζ = 6.0%
ζ = 12.0%
Occupancy 1 
Occupancy 2 
Occupancy 3 
Occupancy 4 
PL2-1 PL2-1 
 26
 
                 Fig. 10: Acceleration response under normal jumping under PL2 for Q=0.2 kPa  
 
 
 
 
  
                      Fig. 11: Acceleration response under normal jumping under PL3 for Q=0.2 kPa  
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                Fig. 12: Acceleration response under normal jumping under PL4 for Q=0.2 kPa  
                                
 
 
 
                                                      
                
 
 
 
 
                                                      
               (a)                                                                      (b) 
 
Fig. 13a and 13b Fourier amplitude spectrum analysis 
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Fig. 14: Variation of maximum DAF with contact ratio 
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